llllllllllllllll.il! 

0 475 096 A1 



© EUROPEAN PATENT APPLICATION 

© Application number: 91113599.4 © Int. CI. 5 : C22C 38/14 



© Date of filing: 13.08.91 



© 


Priority: 17.08.90 JP 215805/90 


Chiba City, Chiba Pref.(JP) 




13.03.91 JP 72194/91 


Inventor: Togashi, Fusao, c/o Kawasaki Steel 


© 




Corporation 


Date of publication of application: 


Technical Research Division, 1, 




18.03.92 Bulletin 92/12 


Kawasaki-cho 






Chiba City, Chiba Pref.(JP) 


® 


Designated Contracting States: 


Inventor: Morita, Masahiko, c/o Kawasaki 




DE ES FR GB NL SE 


Steel Corporation 






Technical Research Division, 1, 


© 


Applicant: KAWASAKI STEEL CORPORATION 


Kawasaki-cho 




1-28, Kitahonmachi-Dori 1-Chome 


Chiba City, Chiba Pref.(JP) 




Chuo-ku Kobe-Shi Hyogo 650( JP) 


Inventor: Kato, Toshiyuki, c/o Kawasaki Steel 


© 




Corporation 


Inventor: Masui, Susumu, c/o Kawasaki Steel 


Technical Research Division, 1, 




Corporation 


Kawasaki-cho 




Technical Research Division, 1, 


Chiba City, Chiba Pref.(JP) 




Kawasaki-cho 






Chiba City, Chiba Pref.(JP) 


0 Representative: Patentanwalte Grunecker, 




Inventor: Sakata, Kei, c/o Kawasaki Steel 




Corporation 


Kinkeldey, Stockmair & Partner 




Technical Research Division, 1, 


Maximilianstrasse 58 




Kawasaki-cho 


W-8000 Munchen 22(DE) 



J 




Europaisches Patentamt 

European Patent Office 

e © Publication number: 

Office europeen des brevets w 



0 High strength steel sheet adapted for press forming and method of producing the same. 



@ A high strength steel sheet adapted for press forming and method producing the same. The steel sheet 
containing by weight C: 0.01-0.1%, Si: 0.1-1.2%, Mn: not more than 3.0%, Ti:a value of (Ti%-1 .5S%-3.43N%)- 
/C% being 4-12, B: 0.0005-0.005%, Al: not more than 0.1%, P: not more than 0.1%, S: not more than 0.02%, N: 
not more than 0.05%. The method for producing the steel sheet wherein a steel slab containing the above 
mentioned component composition is heated and hot rolled in a temperature range of 1 100-1 280 °C to provide a 
hot rolled sheet. The hot rolled sheet may be is subjected to cold rolling and annealing to provide a cold rolled 
sheet. 
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The present invention relates to a high strength steel sheet having a tensile strength not less than 40 
• kgf/mm 2 and a high press formability which is suitable for the use as an interior and exterior sheets for 
automobiles and a method of producing the same. 

High strength steel sheets have been hitherto used for body constructing members, outer panels and 
"5 the like of automobiles in order to reduce weight of an automobile body. Such high strength steel sheets for 
automobiles are required to have necessary press formability and a sufficient strength for ensuring safety of 
automobiles at the same time. In addition, recently, under a situation that the regulation of total emission of 
exhaust gas is being considerably enforced, there is a pressing need to contemplate to provide a high 
strength steel sheet having a higher strength in future. 
10 On the other hand, these steel sheets are sometimes subjected to heat treatment at not less than 
900 °C in order to eliminate distortion caused by forming or to increase secondary forming brittleness 
resistance, or heated to a high temperature due to welding, brazing or the like, so that it is also desired to 
have a property being hardly softened under such heating at a high temperature. 

Further, from a viewpoint of a rust preventing property which has been recently considered to be 
75 especially important, it is desired to be a steel sheet with which various platings can be easily carried out. 

Characteristics required for a high strength steel sheet having a high formability which is suitable for 
automobiles can be listed as follows. 

(1) a ductility is high, 

(2) an r-value is high, 

20 (3) an yield ratio is low, and 

(4) an in-plane anisotropy of a material quality is small. 

With respect to them, for example, there are disclosed a cold rolled steel sheet adapted for press 
forming in a large dimension which is excellent in rigidity (high Young's modulus) and a production method 
thereof in Japanese Patent Application Laid Open No. 57-181361, and a method of producing a cold rolled 

25 steel sheet for deep drawing having a slow aging property and a small anisotropy in Japanese Patent 
Application Laid Open No. 58-25436, respectively. In both of them, an extra low carbon steel is used as a 
base material, Nb, Ti and the other are added in a trace amount, and further continuous annealing 
conditions are controlled. Furthermore, phosphorus is used as a strengthening element in order to provide 
high tensile force since it gives less deterioration of material quality and has a large ability for strengthening 

30 solid solution. However, the limit of a tensile strength of this P-added extra low carbon steel is about a 
grade of 40 kgf/mm 2 at most, and it is clear that a component system using the extra low carbon steel 
added with the solid solution strengthening element will become difficult in adaptation thereof for require- 
ments of high strength of steel sheets on account of improvement of automobile body weight to be light 
which is considered to proceed rapidly in future. 

35 In addition, with respect to the in-plane anisotropy which is considered to be subjected to stronger 
requirements in future, there is a description in the above mentioned Japanese Patent Application Laid 
Open No. 58-25436, however, they have a low tensile strength such as 30 kgf/mm 2 . 

Other than the P-added solid solution strengthened steel sheet using the extra low carbon steel base as 
described above, as high tensile force steel sheets having different strengthening mechanisms are a 

40 transformation structure strengthened steel sheet (dual phase strengthened steel sheet), and a precipitation 
strengthened steel sheet. 

Among them, the transformation structure steel sheet is easy to obtain a low yield ratio and excellent 
elongation, but it is not suitable for deep drawing because of a low r-value. 

On the other hand, the precipitation strengthened steel sheet, namely a so-called HSLA (High Strength 
45 Low Alloy) steel sheet, is a steel in which Si, Mn, Nb and the like are added wherein solid solution 
strengthening of Si and Mn and strengthening owing to precipitation of a carbon nitride of Nb and 
strengthening owing to grain refining caused thereby are utilized, which is used for home electric appliances 
as well as for automobiles, however, a fault of this steel sheet is a high yield value, so that using conditions 
are restricted. 

50 This precipitation strengthened steel sheet will be described hereinafter with following prior literatures. 

There are disclosed a method of producing a high strength cold rolled steel sheet of the precipitation 
strengthened type in Japanese Patent Publication No. 54-27822 and a method for producing a high strength 
cold rolled steel sheet for deep drawing in Japanese Patent Publication No. 55-16214. However, in any one 
of them, the yield ratio exceeds 70%, and a high value not less than 80% is presented in almost all cases. 

55 Further, Japanese Patent Application Laid Open No. 55-152128 also discloses a method of producing a 
precipitation strengthened steel sheet, wherein a high strength cold rolled steel sheet having a low yield 
ratio and excellent formability is produced by means of continuous annealing, but not refer to deep 
drawability of the steel sheet at all. 
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Furthermore, as to low C level Ti-IF (Interstitial Free) steels, Japanese Patent Application Laid Open No. 
57-35662 discloses a cold rolled steel sheet for ultra-deep drawing which is excellent in secondary 
formability and Japanese Patent Application Laid Open No. 60-92453 discloses a cold rolled steel sheet for 
brazing and welding which is excellent in deep drawability. However, the tensile strength of the cold rolled 

s steel sheet is less than 40 kgf/mm 2 in Japanese Patent Laid-Open No. 57-35662 according to an example 
thereof, which does not reach the target tensile strength level of 40 kgf/mm 2 in the present invention. In 
addition, Si is an essential component in the present invention and a limitation range thereof is 0.1-1.2 wt%, 
whereas there is no definition of Si in claims of Japanese Patent Application Laid Open No. 60-92453, and 
an Si content is not more than 0.09 wt% also in examples, so that it is essentially different from the present 

w invention in which an effect of Si is effectively utilized. 

An object of the present invention is to provide a high strength steel sheet and a method of producing 
the same wherein a low carbon steel which has a C content higher than that of the conventional extra low 
carbon steel is used as a base material, the IF formation is performed by adding Ti, and components to be 
added are adjusted closely, thereby a tensile strength is made not less than 40 kgf/mm 2 having a low yield 

75 ratio (less than 70%) lower than those of the conventional precipitation strengthened steels, an in-plane 
anisotropy is made small and further a softening formation resulting from abnormal grain growth under a 
reheating treatment is hardly performed. 

The present invention is based on elucidation of the fact that a low C-high Ti component system in 
which Si is added is adopted to perform complete IF formation, thereby a high strength steel sheet having a 

20 low yield ratio and a small in-plane anisotropy can be obtained as a result of repeated various experiments 
and investigations. 

According to the present invention, a high strength steel sheet adapted for press forming comprising a 
composition containing 

C: from 0.01 wt% to less than 0.1 wt%, 
25 Si: from 0.1 wt% to 1 .2 wt%, 
Mn: not more than 3.0 wt%, 

Ti: a ratio of effective *Ti (wt%) represented by the following equation, to said C (wt%), that is the 
effective Ti (wt%)/C (wt%) is from 4 to 12: 
effective *Ti (wt%) = Ti (wt%)-1.5S (wt%)-3.43N (wt%), 
30 B: from 0.0005 wt% to 0.005 wt%, 
Al: not more than 0.1 wt%, 
P: not more than 0.1 wt%, 
S: not more than 0.02 wt%, 
N: not more than 0.005 wt%, 
35 and the remainder being iron and inevitable impurities. 

The high strength steel sheet according to the present invention further containing one or more kinds 
selected from 

V: from 0.02 wt% to 0.2 wt%, 
Nb: from 0.02 wt% to 0.2 wt%, and 
40 Zr: from 0.02 wt% to 0.2 wt% 

by replacing a part of iron of the remainder. 

The high strength steel sheet according to another aspect of the present invention further containing 
one or more kinds of ones selected from 
Cr: from 0.05 wt% to 1 .5 wt%, 
45 Ni: from 0.05 wt% to 2.0 wt%, 

Mo: from 0.05 wt% to 1.0 wt%, and 
Cu: from 0.05 wt% to 1 .5 wt%, 
by replacing a part of iron of the remainder. 

The high strength steel sheet according to another aspect of the present invention further containing 
50 Ca: from 0.0005 wt% to 0.005 wt%, 
by replacing a part of iron of the remainder. 

According to another aspect of the present invention, a method of producing a high strength steel sheet 
adapted for press forming, comprises steps of preparing a steel slab containing 
C: from 0.01 wt% to less than 0.1 wt%, 
55 Si: from 0.1 wt% to 1 .2 wt%, 
Mn: not more than 3.0 wt%, 

Ti: a ratio of effective *Ti (wt%) represented by the following equation to said C (wt%), that is the 
effective Ti (wt%)/C (wt%) is from 4 to 12: 
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effective Ti (wt%) = Ti (wt%)-1 .5S (wt%)-3.43N (wt%), 
B: from 0.0005 wt% to 0.005 wt%, 
Al: not more than 0.1 wt%, 
P: not more than 0.1 wt%, 
"5 S: not more than 0.02 wt%, and 
N: not more than 0.005 wt%, 
heating the steel slab at 1100°C~1280°C, and hot rolling to provide a hot rolled sheet. 

In the method of producing a high strength steel sheet adapted for press forming, the hot rolling step 
may be followed by a step of electroplating or hot dipping. 
w According to another aspect of the present invention, a method of producing a high strength steel sheet 
adapted of press forming comprises steps of preparing a steel slab containing 
C: from 0.01 wt% to less than 0.1 wt%, 
Si: from 0.1 wt% to 1.2 wt%, 
Mn: not more than 3.0 wt%, 
15 Ti: a ratio of effective Ti (wt%) represented by the following equation to said C (wt%), that is the 
effective Ti (wt%)/C (wt%) is from 4 to 12: 
effective *Ti (wt%) = Ti (wt%)-1.5S (wt%)-3.43N (wt%), 
B: from 0.0005 wt% to 0.005 wt%, 
Al: not more than 0.1 wt%, 
20 P: not more than 0.1 wt%, 

S: not more than 0.02 wt%, and 
N: not more than 0.005 wt% 
, heating the steel slab at 1100° C~1 280 °C, hot rolling the heated steel slab to make a hot rolled steel 
sheet, subsequently cold rolling the steel sheet, and then annealing the cold rolled sheet at a temperature 
25 not lower than a recrystallization temperature. 

In the method of producing a high strength steel sheet, the annealing step may be followed by a step of 
electroplating or hot dipping. 

For a better understanding of the invention reference is taken to the accompanying drawings, in which: 
Fig. 1 shows relationships between the tensile properties and the Si content; 
30 Fig. 2a is a graph showing relationships between the C amount and *Ti/C (weight ratio) which have an 
inference on the grain size of the hot rolled sheet after reheating at 1000° C; 

Fig. 2b is a graph showing relationships between the C amount and *Ti/C (weight ratio) which have an 
inference on the grain size of the cold rolled sheet after reheating at 1000° C; 
Fig.3a is a (200) pole figure of a steel sheet having no Si content; 
35 Fig. 3b is a (200) pole figure of a steel sheet having the Si content of 1 wt%; 

Fig. 3c is a (200) pole figure of a steel sheet having the Si content of 1 .5 wt%; and 
Fig. 3d is a (200) pole figure of a steel sheet having the Si content of 2.0 wt%. 
At first, experimental results which are the basis of the present invention will be described. 
Twelve kinds of cold rolled steel sheets having a sheet thickness of 0.70 mm, in which a chemical 
40 component composition was C: 0.05wt%, Mn: 0.5 wt%, Ti: 0.2 wt%, B: 0.0005 wt%, Al: 0.05 wt%, P: 0.01 
wt%, S: 0.001 wt%, and N: 0.0015 wt% and further an Si content was varied within a range of 0-2.60 wt% to 
be contained, were prepared and heat treated at 700 °C in an annealing box. 
The steel sheets as annealed were subjected to a test for tensile properties. 

Results of the above test for various relationships between tensile properties and Si content are shown 
45 in Fig. 1. 

It will be seen from Fig. 1, within a range of 0.1-1.2 wt% of the Si content were attained low yield ratio, 
high elongation and high average r-values. These effects of Si owe to a ferrite purifying function by Si. 

Next, with respect to steel sheets which have press formability and are difficult to suffer softening 
nature formation at a high temperature, relationship between C and Ti was investigated by the following 
50 experiments. 

Using 32 kinds of steel materials in which a chemical component composition was Si: 0.5 wt%, Mn: 0.3 
wt%, B: 0.0012 wt%, Al: 0.04 wt%, P: 0.05 wt%, and S: 0.010 wt% and contents of C and Ti were variously 
varied to be contained, heating to 1200°C was performed, and then hot rolling was performed at a finish 
rolling temperature of 900 °C, and winding was performed at a temperature of 550 *C to provide hot rolled 
55 sheets having a thickness of 3.00 mm. In addition, a part of the hot rolled sheets were subjected to a scale 
removing treatment followed by cold rolling with a reduction ratio of 75%, which were continuously annealed 
under a condition of maintaining at 800 *C for 40 seconds and cooling at 20°C/second (without excess 
aging), and then subjected to a temper rolling with an elongation ratio of 0.8% to provide cold rolled sheets 
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having a thickness of 0.75 mm. 

The hot rolled sheets and the cold rolled sheets thus obtained were subjected to a heat treatment at 
1000*C for one hour followed by cooling at 5°C/second, and then subjected to a measurement for grain 
size. Results of the measurement are summarized to show in Figs. 2a and 2b. 
5 Figs. 2a and 2b show relationships between C wt% and the effective *Ti wt%/C wt% (effective *Ti 
wt% = Ti wt%-1.5S wt%-3.43N wt%) which have influence on the grain size. It will be understood from the 
figures, the grain size number becomes large when the effective *Ti wt%/C wt% is not less than 4 for both 
the hot rolled sheets and the cold rolled sheets, so that an effective Ti content not less than 4 is sufficient 
for fixing C. 

10 As described above, even after performing the heat treatment at 1000°C, no coarse formation of grains 
is observed when C content is not less than 0.01 wt% and the effective "Ti wt%/C wt% is not less than 4, 
and the grain size number indicates not less than 7. 

It should be noted that with respect to the grain size after the heating, no softening takes place provided 
that the grain size number is not less than 7. 

15 According to the above mentioned results, in order to prevent abnormal grain growth during the 
reheating (prevention of the softening), the C content should be not less than 0.01 wt% and the effective *Ti 
wt%/C wt% should be not less than 4, it is postulated as a reason thereof that generated fine carbides of 
the Ti system exist relatively stably even during the reheating, so that they are effective for restricting the 
abnormal grain growth. 

20 Further, as a result of detailed experiments, it has been found that the Si content have a great influence 
on the in-plane anisotropy and the r-value. 

Figs. 3a, 3b, 3c, and 3d show pole figures measured on four kinds of cold rolled sheets containing C: 
0.05 wt%, Si: 0 wt%, 1.0 wt%, 1.5 wt%, and 2.0 wt%, respectively, Mn: 0.01 wt%, Ti: 0.206 wt%, B: 0.0008 
wt%, Al: 0.04 wt%, P: 0.01 wt%, S: 0.001 wt%, and N: 0.0014 wt%, which steel sheets were subjected to 

25 box annealing at 720 ° C, Figs. 3a, b, c, and d correspond to the Si content of 0 wt%, 1 .0 wt%, 1 .5 wt%, and 
2.0 wt%, respectively. It will be seen from the pole figures, that Fig. 3b in which the Si content is 1.0 wt% 
shows a strong {111}<112> texture and a weak development in a <100>//ND orientation. This is indeed such 
one in which the in-plane anisotropy is small and the r-value is enhanced. Accordingly, the Si content is 
preferably about 1 wt%. 

30 The reason for limitation of chemical component composition ranges of the steel of the present 
invention will be described. 

[C]: If the C content is less than 0.01 wt%, the target tensile strength of 

not less than 40 kgf/mm 2 cannot be obtained, and the softening is apt 
to take place at a high temperature. On the other hand, if not less 

35 than 0.1 wt% is contained, in the case of production by means of the 

continuous annealing method, the grain growth property during the 
annealing is rapidly reduced, and no desired ductility can be ob- 
tained. Therefore, its content is limited from 0.01 wt% to less than 0.1 
wt%. 

40 [Si]: Si is an important component in the invention and has an effect for 

discharging C from the ferrite and facilitating precipitation and coagu- 
lation to be coarse of titanium carbide, and if the content is less than 
0.1 wt%, the effect does not appear. On the other hand, if it exceeds 
1.2 wt% to be contained, the ductility is rapidly deteriorated due to 

45 the ability of enhancing the solid solution of Si itself, and the r-value 

and further various plating properties are deteriorated. Therefore, the 
Si content is limited from 0.1 wt% to 1.2 wt%, however, from a 
viewpoint of increasing the in-plane anisotropy and the r-value, it is 
preferable to be from 0.4 wt% to 1 .0 wt%. 

50 [Mn]: Mn is useful as a heightening component of the steel. However, if it 

exceeds 3.0 wt% to be contained, there is given excess hardening, 
resulting in considerable deterioration of the ductility. Therefore, the 
upper limit of Mn content should be 3.0 wt%. 
[Ti]: Ti is an important component in the invention, which is necessary for 

55 fixing C, S, and N. If the effective *Ti is less than 4C, C cannot be 

fixed completely, and the grain become coarse to provide the soften- 
ing as a result of reheating as described above. On the other hand, if 
the effective "Ti exceeds 12C to be contained, there is given excess 
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solid solution of Ti to deteriorate the material quality, and further a 
surface quality of the steel sheet is also damaged. Therefore, its 
content should be in a range which satisfies a range in which *Ti/C is 
from 4 to 12 

" ^5 (effective Ti = Ti-1 .5S-3.43N). 

[B]: B is necessary for improving the secondary forming brittleness, and if 

the content is less than 0.0005 wt%, its effect is insufficient, whereas 
if it exceeds 0.005 wt%, deterioration of the deep drawability be- 
comes considerable. Therefore, its content is limited from 0.0005 
w wt% to 0.005 wt%. 

[Al]: Al is a component which is useful for fixing O in the steel and 

preventing decrease in the effective Ti content by bonding to O, 
however, even if it exceeds 0.1 wt% to be contained, its effect is 
saturated. Therefore, the upper limit of Al content should be 0.1 wt%. 
75 [P]: P is an extremely excellent solid solution heightening component, 

however, if it exceeds 0.1 wt% to be contained, a surface quality of 
the steel is considerably deteriorated. Therefore, the upper limit of P 
content should be 0.1 wt%. Incidentally, taking a relation to the C 
content into account, it is preferable that P(wt%)/C(wt%) is less than 
20 1.5. 

[S]: S may become a cause of crack generation during hot rolling, 

therefore the upper limit of S content should be 0.002 wt%. 
[N]: A large containing amount of N reduces the effective *Ti amount, and 

induces deterioration of the r-value and the ductility. Therefore, the 
25 lower content of N is the more preferable, and the upper limit of N 

content should be 0.005 wt%. 
[V, Nb, Zr, Cr, Ni, Mo, and Cu]: In addition, in the present invention, in addition to the above men- 
tioned chemical component composition, in order to ensure the 
strength, one or more kinds of ones among V, Nb, and Zr which are 
30 components for forming carbide can be contained. The effect thereof 

is expressed at a content not less than 0.02 wt% respectively, 
however, if they exceed 0.2 wt%, deterioration of the ductility is 
caused. Therefore, the content of V, Nb, and Zr is limited from 0.02 
wt% to 0.2 wt%, respectively. Under the same purpose, one or more 
35 kinds of ones among Cr, Ni, Mo, and Cu which are components for 

strengthening solid solution can be contained. The effect thereof is 
expressed at a content not less than 0.05 wt% respectively, however, 
if they are excessively contained, deterioration of surface quality of 
the steel is caused. Therefore, the Cr content is limited from 0.05 
40 wt% to 1.5 wt%, the Ni content is limited from 0.05 wt% to 2.0 wt%, 

the Mo content is limited from 0.05 wt% to 1.0 wt%, and the Cu 
content is limited from 0.05 wt% to 1.5 wt%. 
[Ca]: Further, in order to control configurations of inclusions, Ca can be 

added. Its effect is expressed when the Ca content is not less than 
45 0.0005 wt%, however, if it exceeds 0.005 wt%, its effect is saturated 

as well as deterioration of material quality becomes considerable. 
Therefore, the Ca content is limited from 0.0005 wt% to 0.005 wt%. 
The reason why a low yield ratio can be obtained in the invention in spite of fact that the low carbon 
steel which has a C content higher than the extra low carbon steel is used to provide the high strength, will 
50 be described hereinafter. 

Namely, as the reason thereof, the effective *Ti/C is made not less than 4, thereby C, S, and N are 
completely fixed and the IF formation is completely achieved. It is considered that this reduces the fixing 
function and effect of dislocation, and movable dislocation is increased, thereby the low yield ratio is 
obtained. 

55 Next, production step conditions according to the invention will be described. 

At first, a steel-making method may be carried out in accordance with conventional methods, and 
especially no limitation for their conditions is required. 

If a slab heating temperature is less than 1100°C, the workability of the product is deteriorated, and if it 
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exceeds 1280° C, coarse grains appear resulting in nonuniformity of material quality thereafter. Therefore, 
the slab heating temperature should be in a temperature range 1100°C~1280°C. Moreover, from a 
viewpoint of energy saving, a continuous casting slab may be subsequently subjected to a rough hot rolling 
immediately or after a temperature holding treatment at a temperature range of 1100°C~1280 e C, without 
- 5 cooling to a temperature lower than 1 1 00 ° C after reheating or continuous casting. 

With respect to a hot rolling finish temperature, if the temperature is too high, the final structure 
becomes coarse which is disadvantageous for the ductility. On the other hand, if it is too low, expansion of 
the structure becomes considerable and a rolling load is rapidly increased, which is not preferable from a 
viewpoint of operation. Therefore, it is preferable that the hot rolling finish temperature is in a temperature 

10 range not less than the Ar3 transformation point and not more than the Ar3 transformation point + 100* C. 

With respect to a winding temperature after the hot rolling.it may be in a temperature range of 400 'C- 
700 °C taking account of a following pickling property and an ability of a winding machine. 

In cold rolling, in order to obtain sufficient formability after the annealing, it is preferable that the cold 
rolling reduction ratio is not less than 55%. 

75 The annealing after the cold rolling should be performed at a temperature lower than a recrystallization 
temperature in order to perform recrystallization. However, in order to prevent composite texture formation 
after the annealing, a temperature lower than the Ac3 transformation point is preferable. With respect to the 
annealing method, there is no special limitation, and either a continuous annealing method or a box 
annealing method may be available. 

20 With respect to plating conditions, in the case of the electroplating, both of the hot rolled sheet and the 
cold rolled sheet may be subjected to plating with a predetermined plating amount by means of an ordinary 
method, and in the case of the hot dipping, in addition to a line of the hot dipping alone, in the annealing 
step, application to a continuous hot dipping line may be available. 

Further, these steel sheets may be subjected to the temper rolling with a purpose of correction of a 

25 sheet configuration in a degree of a reduction ratio (%) equal to a sheet thickness (mm) in a range of 
normal common sense. 

Furthermore, the steel sheet according to the present invention may be subjected to special treatments 
after the annealing or the plating so as to perform improvement of chemical treatment properties, welding 
properties, press formability, corrosion resistance and the like. 

30 

Example 

Continuous cast slabs of 26 steel types of suitable steels of the present invention and 5 steel types of 
comparative steels (total 31 steel types) having chemical component compositions shown in Table 1 and 
35 Table 2 produced by melting in a converter were subjected to hot rolling respectively to finish to have a 
sheet thickness of 3.2 mm for steel symbols O, P, Q, and R and that of 2.8 mm for all other steel types. In 
addition, a part of them were subjected to zinc hot dipping. 
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With respect to steel sheets thus obtained, mechanical properties, the aging index Al, and the grain size 
50 number after the heat treatment (reheating) were investigated. 

The above mentioned hot rolling conditions and results of the investigation were summarized to show in 
Table 3 and Table 4. 
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Further, a part of the above mentioned hot rolled sheets (those having a slab heating temperature 
suitable for the present invention) were subjected to cold rolling with a reduction ratio of 75% after scale 
removing to give a sheet thickness of 0.8 mm or 0.70 mm followed by being subjected to continuous 
55 annealing or box annealing, and then subjected to temper rolling with a reduction ratio of 0.80% or 0.70%. 
In addition, a part of them were subjected to electroplating or hot dipping. 

With respect to steel sheets thus obtained, mechanical properties including Ar which is an index of the 
average r-value and the in-plane anisotropy, the aging index Al, the crystal grain size number after heat 
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treatment were investigated. 

Annealing conditions and results of the above mentioned investigations are summarized to show in 
Table 5 and Table 6. 
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Here, each of the treatment conditions is as follows. 
55 In the electroplating, Zn-Ni plating was carried out with a plating amount of 30 g/m 2 . 

In the hot dipping, Zn plating or Al plating was carried out wherein the Zn plating was carried out with a 
bath temperature: 475 °C, a dipping sheet temperature: 475 *C, a dipping period: 3 seconds, an alloy 
formation temperature: 485 °C, and a plating amount of 45 g/m 2 , and the Al plating was carried out with a 
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bath temperature: 650 °C, a dipping sheet temperature: 650 *C, a dipping period: 3 seconds, and a plating 
- . amount of 30 g/m 2 . 

The heat treatment (reheating) condition was such that heating was performed to 950 *C to maintain for 
30 minutes, followed by mild cooling at 5°C/second. 
-.5 In addition, as a test condition, in the tensile test was used a test piece of JIS No. 5, and YS, TS, and 
E1 were investigated in the rolling direction. 

The r-value was determined by measuring widths at three points of the central portion of a test piece in 
the length direction at a distortion of 15% and of positions of 12.5 mm at both sides with respect to the 
center, and the average r-value and Ar were determined according to the following equations, respectively. 



Average r-value = ( ro+r9o+2r45)/4 
Ar = (ro+r9o-2r 45 )/4 

Incidentally, r 0 , ^5, and r 90 are each r-value in the rolling direction (r 0 ), a direction (r*s) at an angle of 
45* to the rolling direction, and a direction (rso) at an angle of 90° to the rolling direction, respectively. 

Al value was determined from difference in deformation stress before and after aging by applying 
preliminary tensile distortion of 7.5% followed by aging treatment at 100° C for 30 minutes. 

It will be clear from Tables 3, 4, and 5, 6, that the suitable examples of the present invention exhibit 
excellent various properties such that in any one of the cases of the presence or absence of plating and of 
the box annealing or the continuous annealing as the annealing method, a tensile strength not less than 40 
kgf/mm 2 can be obtained, and properties being difficult to cause softening by reheating are presented with a 
low yield ratio (not more than 70%) and a high E1 and a crystallization grain size after heat treatment of not 
less than 7, and further each of the cold rolled sheets has a high average r-value and a low Ar-value which 
is an index of the in-plane anisotropy, and a complete non-aging property is ensured at not more than 1 
kgf/mm 2 for the aging index Al and the like. 

According to the present invention, even in the case of the low carbon steel sheet in which the C 
content is higher than that of the extra low carbon steel, by completely fixing the solid solution C, S, N and 
the like, a high strength steel sheet having a small in-plane anisotropy, a low yield ratio, and complete non- 
aging in which the softening is difficult to take place by heating at a high temperature can be obtained. In 
the case of the cold rolled sheet, a high strength precipitation strengthened steel having a higher r-value 
can be obtained. Therefore, the present invention is useful for enlarging use of the precipitation streng- 
thened steel sheet owing to its usefulness. 

Claims 

1. high strength steel sheet adapted for press forming comprising a composition containing 
C: from 0.01 wt% to less than 0.1 wt%, 
Si: from 0.1 wt% to 1 .2 wt%, 
Mn: not more than 3.0 wt%, 

Ti: a ratio of effective *Ti (wt%) represented by the following equation to said C (wt%), that is 
the effective *Ti (wt%)/C (wt%) is from 4 to 12: 
effective Ti (wt%) = Ti (wt%)-1.5S (wt%)-3.43N (wt%), 
B: from 0.0005 wt% to 0.005 wt%, 
Al: not more than 0.1 wt%, 
P: not more than 0.1 wt%, 
S: not more than 0.02 wt%, and 
N: not more than 0.005 wt%, 
and the remainder being iron and inevitable impurities. 

2. The high strength steel sheet claimed in claim 1, further containing one or more kinds of ones selected 
from 

55 V: from 0.02 wt% to 0.2 wt%, 

b: from 0.02 wt% to 0.2 wt%, and 
Zr: from 0.02 wt% to 0.2 wt%, 
by replacing a part of the iron of the remainder. 
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3. The high strength steel sheet claimed in claim 1, further containing one or more kinds of ones selected 
from 

Cr: from 0.05 wt% to 1 .5 wt%, 
Ni: from 0.05 wt% to 2.0 wt%, 
5 Mo: from 0.05 wt% to 1 .0 wt%, 

Cu: from 0.05 wt% to 1 .5 wt%, 
by replacing a part of the iron of the remainder. 

4. The high strength steel sheet claimed in claim 1 , further containing one or more kinds of ones selected 
10 from 



V: 


from 0.02 wt% to 0.2 wt%, 


Nb: 


from 0.02 wt% to 0.2 wt%, 


Zr: 


from 0.02 wt% to 0.2 wt%, 


Cr: 


from 0.05 wt% to 1.5 wt%, 


Ni: 


from 0.05 wt% to 2.0 wt%, 


Mo: 


from 0.05 wt% to 1.0 wt%, 


Cu: 


from 0.05 wt% to 1.5 wt%, 


by replacing a part of the iron of the remainder. 
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20 5. A high strength steel sheet adapted for press forming comprising a composition containing 
C: from 0.01 wt% to less than 0.1 wt%, 
Si: from 0.1 wt% to 1.2 wt%, 
Mn: not more than 3.0 wt%, 

Ti: a ratio of effective *Ti (wt%) represented by the following equation to said C (wt%), that is 
25 the effective *Ti (wt%)/C (wt%) is from 4 to 12: 

effective *Ti (wt%) = Ti (wt%)-1.5S (wt%)-3.43N (wt%), 

B: from 0.0005 wt% to 0.005 wt%, 

Ca: from 0.0005 wt% to 0.005 wt%, 

Al: not more than 0.1 wt%, 
30 P: not more than 0.1 wt%, 

S: not more than 0.02 wt%, 

N: not more than 0.005 wt%, 
and the remainder being iron and inevitable impurities. 

35 6. The high strength steel sheet claimed in claim 5, further containing one or more kinds of ones selected 
from 

V: from 0.02 wt% to 0.2 wt%, 
Nb: from 0.02 wt% to 0.2 wt%, 
Zr: from 0.02 wt% to 0.2 wt%, 
40 by placing a part of the iron of the remainder. 

7. The high strength steel sheet claimed in claim 5, further containing one or more kinds of ones selected 
from 

Cr: from 0.05 wt% to 1 .5 wt%, 
45 Ni: from 0.05 wt% to 2.0 wt%, 

Mo: from 0.05 wt% to 1 .0 wt%, and 
Cu: from 0.05 wt% to 1 .5 wt%, 
by replacing a part of the iron of the remainder. 

50 8. The high strength steel sheet claimed in claim 5, further containing one or more kinds of ones selected 
from 

V: from 0.02 wt% to 0.2 wt%, 

Nb: from 0.02 wt% to 0.2 wt%, 

Zr: from 0.02 wt% to 0.2 wt%, 

55 Cr: from 0.05 wt% to 1 .5 wt%, 

Ni: from 0.05 wt% to 2.0 wt%, 

Mo: from 0.05 wt% to 1.0 wt%, and 

Cu: from 0.05 wt% to 1.5 wt%, 
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by replacing a part of the iron of the remainder. 

9. A method for producing a high strength steel sheet adapted for press forming, comprising steps of 
preparing a steel slab containing 

C: from 0.01 wt% to less than 0.1 wt%, 
Si: from 0.1 wt% to 1.2 wt%, 
Mn: not more than 3.0 wt%, 

Ti: a ratio of effective *Ti (wt%) represented by the following equation to said C (wt%), that is 
the effective *Ti (wt%)/C (wt%) is from 4 to 12: 
effective Ti (wt%) = Ti (wt%)-1.5S <wt%)-3.43N (wt%), 

B: from 0.0005 wt% to 0.005 wt%, 

Al: not more than 0.1 wt%, 

P: not more than 0.1 wt%, 

S: not more than 0.02 wt%, and 

N: not more than 0.005 wt%, 
heating the steel slab in a temperature range of 1100°C-1280*C, and hot rolling the steel slab to 
provide a hot rolled sheet. 

10. The method as claimed in claim 9, wherein the hot rolling is followed by application of electroplating or 
hot dipping. 

11. The method claimed in claim 9, further comprising steps of cold rolling the hot rolled sheet to provide a 
cold rolled sheet, and subsequently annealing the cold rolled sheet at a temperature not lower than a 
recrystallization temperature. 

12. The method as claimed in claim 11, wherein the annealing is followed by application of electroplating or 
hot dipping. 
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